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ABSTRACT

This research develops an analytical model to assist
the management of the Armed Forces Courier Service (ARFCOS)
in making strategic planning decisions concerning its com-
plex transportation network. ARFCOS delivers highly sensi-
tive classified information to approximately 6500 customers
served by 36 stacions around the world. The research is
limited to modeling 14 CONUS ARFCOS stations (ARFCOSTAS).
The model 1is used to evaluate the current transportation

nctwork structure, determining the required weight bearing

capacity of the vehicle to meet the maximum loading anywhere
ainny a route. The model also provides data on manpower
.sage In terms of average number of people working and
minimum and maximum number of people needed at one time. It

wrovides the managers of ARFCOS a tool for analyzing alter-

e g e e e ey

native systems and the means of comparing different decision
ruoles on the working of the system.
SJimulation Language for Alternative Modeling (SLAM II)

ti- implementing lanqguage of the model. The theoretical

e an s o age an am o o

distribution of the amounts of material picked up and deliv-

wrod tno 360 demand points are determined and used to compute
% mawimum expected weights along 71 routes. The model is

} wiiidated as an accurate representation of the current

ARFUOS system, Concluslons and recommendations for

consaiidating stations, real locating customers, and

vili
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changing modes of transportation are discussed. The effects

on manpower requirements of implementing selected alterna-

tive route or station locations are analyzed using the

provided model.




A SLAM MODEL OF THE ARMED FORCES COURIER SERVICE

CONUS STATIONS: A STRATEGIC PLANNING TOOL

I. INTRODUCTION

General Issue

The mission of the Armed Forces Courier Service
(ARFCOS) is "the secure and expeditious movement of the
nation's highly classified information among elements of the
Department of Defense, other U.S. Government elements, civ-
ilian contractors requiring classified materials and certain
foreign or treaty organizations" (9). ARFCOS requires a
strategic management tool for analyzing the economy and
efficiency of their transportation networks. Due to the
complexity of delivery routes and volume and frequency of
delivery requirements, manual computation of schedules and
routes as well as distribution site selections have become
significant management problems for ARFCOS., There is a
requirement to have easy-to-use, computerized models to
assist in the design of delivery routes for both air and
surface transportation modes and to aid in selecting station
locations (distribution sites). This thesis explains the
development of a simulation model that provides the ARFCOS

top managers with a strategic planning tool for determining




vehicle weight carrying requirements, and manpower needs

for their different routes. The ability to calculate this
information will allow ARFCOS management to make more
informed decisions concerning modes of delivery and manpower

allocation.

History and Organization of ARFCOS

The Armed Forces Courier Service was established Janu-
ary 1953 as a tri-service agency of the Joint Chiefs of
Staff (JCS). 1t is comprised of the headquarters, located
at Ft. Meade, Maryland, and 36 Armed Forces Courier Stations
(ARFCOSTAS) located around the world. The stations are
staffed by Army, Navy or Air Force personnel depending on
the location and primary customers. The three services have
combined to issue Army Regulation 66-6/0PNAV Instruction
5130.1A/Air Force Regulation 183-1, which constitute the
ARFCOS charter. Although AFRCOS is an agency of the JCS,
the Chief of Staff of the Army serves as executive agent for
ARFCOS. He, in turn, has delegated the responsibility to
the Army Adjutant General. The Director, ARFCOS, reports to
the Adjutant General and operates the service (3).

Although ARFCOS is a tri-service organization, the
Army, Navy, and Air Force each have estabished an organiza-
tion to carry out the command and support of their respec-
tive courier organizations and stations. However, the ac-

tual courier service operations are controlled by the Dir-
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ector, ARFCOS, who is concerned with the safeguarding and
transporting of, and accounting for classified material (3).
To ensure close coordination among the service elements, the
three service courier commanders work at ARFCOS headquarters
and are directly involved in the day-to-day ARFCOS activities.

ARFCOS delivers highly sensitive, classified information
to approximatly 6,500 customers served by 36 ARFCOSTAS
around the world (9)., The largest category of material in
both pieces and weight is cryptographic and cryptologic
material. These pieces range in size from a key list con-
tained in a letter size envelope to a large piece of scram-
bler equipment used for world-wide White House
communication.

Security is the primary concern in the transportation
of ARFCOS material. The unknown compromise of classified
material could cause irreparable damage to the interests of
the U.S. Government and could also result in the nullifica-
tion of a considerable amount of intelligence effort. The
U.S. Intelligence Board estimates that the material carried
by ARFCOS yearly constitutes the result of approximately ten
billion dollars in expenditures (9).

The key to the security of the material entrusted to
ARFCOS is accountability. A responsible person is at all
times accountable for the material. His/her primary func-

tion is to know if any unauthorized person has had access to

the material, not necessarily to stop that access. The

ML Sl SEA o oM SRS AR L - ai & R - - e




------

T O N T ye——r—y Yo

BALERCRACRASAAJOA Bud aud 2k Sl A8 g Sad o

Aa’a’ s

ARFCOS couriers are not armed and are not trained to prevent

road or air hijackings. They travel in their normal service
uniforms in military and commercial vehicles. The security
comes from knowing what has been compromised, and then
taking steps to nullify the effects of that compromise.

ARFCOS uses several modes of transportation to move
this classified material. ARFCOS relies primarily on mili-
tary and commercial airlift to move bulk volumes of material
from one station to another, ARFCOSTAS use a combination of
air taxi contract flights, military flights, and military
ground vehicles to serve their customers. The complexity of
the transportation problem is most evident at the station
level where as many as 500 accounts must be served.

Each station manager has the responsibility for manag-
ing his own operation, as well as coordinating movement of
materials to other stations. Each station develops routes
and delivery schedules. Day-to-day activities, including
documentation, security, and delivery of materials, are
managed by station personnel with general guidance in the
form of regulations provided by HQ ARFCOS. Guidance from
headquarters dictates at least one courier must accompany
the material in the vehicle, regardless of mode of deliv-
ery. Most often, the station managers have two couriers
escort the material ona trip, due to the need for leaving
the vehicle to deliver material to a specific stop. Gener-

ally, 3 route is set up to serve an account on a specific
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day on a recurring basis.

Routing between stations is determined at ARFCOS Head-
guarters. A station's manpower and budget requirements are
a function of its activity level -- number of customers,
volume of cargo handled, and travel time required to serve
customers. Number of personnel assigned and funds allocated
are determined at headquarters level, normally based on
historical data, inputs from the stations, experience, and
judgement.

CONUS ARFCOSTAS are located at Boston, MA, McGuire AFB,

NJ, Dover AFB, DE, Ft. Meade MD, Norfolk, VA, Charleston

AFB, SC, Jacksonville NAS FL, Wright-Patterson AFB, OH,

Offutt AFB, NE, Kelly AFB, TX, Denver CO, McChord AFB, WA,
Travis AFB, CA, Los Angeles AFS, CA, and San Diego, CA. The
main station is at Ft. Me+l:, MD. It operates as the major
connector between most of the ARFCOSTAS, both CONUS, and
overseas. It also serves the Washington, DC area, which
encompasses the largest number of users of the ARFCOS ser-

vice. It is a 24-hour-a-3Jay operation, with over 100 cour-

lers, assistant couriers, and drivers assigned. The other

.

stations are all much smaller, having between eight and 18

People assigned. San Diegn, Kelly, and Norfolk have produc-

ticon facilities which generate tremendous weights of mater-

3 Py

ial to be moved. Los Angeles generates very little compared

to them, and Dover produces hardly anything (12).

/A T L

The locations of the stations have not been part of any
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masteir "lan, and the decisicn rules on opening, closing, or
moving stations have not been . xplicitly formulated. When
new customers are added in the sy *tem, ARFCOS has no way of
determining which station would pro ‘de service at the least
possible increase in operating costs, nteasured by extra time
on the road. The gecographical areas of r-sponsibility for
each station are not cl~carly defined. For «.-ample, Dover

serves some parts of New '»ork, while McGuire s:rves others.

Rzsearch Objective

The general objective of tnis research is to develop an
analytical model to assist the manajement of the Armed
Forces Courier Service in making strategic decisions con-
cerning its complex transportation network. The model is
used to evaluate the current route structure of the CONUS
ARFCOSTA, determining the weight capacity of the vehicle
-2quired for each route., The model also provides data on
manpower usade in terms of average number of people working,
as well as the maximum and minimum number of people needed

at any one time.

Specific Problem

Using the model to analyze existing ARFCOS CONUS trans-
pnrrtation networks, the following questions are addressed:
1. wWhat weight bearing capacity must the vehicle
nave for each of the various routes?

2. Can any stations be consolidated and still meet
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customer needs and security requirements?

Research Questions

1. Where are the sources and final destinations of
the cargo?
a. How much weight is picked up at each point?

b. How frequently is each customer served?

2. How much manpower is required to provide the cur-
rent level of service
A. How many separate trips are required to
satisfy all demand?
b. What service method (air or ground) is

employed?
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II. RESEARCH METHODOLOGY

Introduction

This thesis approaches the Armed Forces Courier Service

(ARFCOS) system of Armed Forces Courier stations (ARFCOSTAS)
as a distribution network. The 15 CONUS ARFCOSTAs serve 289
distinct demand points--locations which must either be de-
livered to or picked up from. Most of these points are
consolidated pick up and delivery points where several cus-
tomers are all served at the same location. Each demand
point must be served periodically, the exact frequency of
which has been determined by the management of ARFCOS.
Factors which contribute to the required frequency are the
time sensitivity of the items to be moved, the regqularity of
material generation, and if the customer feels he needs more
frequent service than the other considerations would nor-
mally allow, his willingness to incur the costs of extra
service trips (12).

This thesis models the current ARFCOSTA network. The
network is operating at a known customer service level with
4 known number of man-years required to maintain that level.
A man-year is defined as the number of hours one person
wor. s in one physical year, approximately 2000 hours. The
major guestion the ARFCOS staff would like to be able to
answer is how alternative HRFCOSTA locations would change

the amount of manpower required, and how much would it cost

.........




to operate the system in t.uat confiquration. The objective
is to find alternatives chat are less expeasive to operate
than the current one while at least maintaining customer
service levels. This is a facility loration problem: given
a set of sources o materials and d:mands for them, where
should the dist.bntion centers b« lccated so as to minimize
costs while satisfying demand?

This trnesis does not del v e into detailed cost analysis.
Costs may be very difficult to estimate when dealing with
milita:y organizations. Tae cost comparison between distri-
butirn centers located on military reservations, where few
cos*s are directly borne by the user, to identical facili-
t.es outside the resz2rvation with fixed rental costs and
Jperating expense:, is difficult to make at best. When
deciding where *0 locate stations, the cost differential
must be weigh:d against the possible extra time or manpower
necd2d to m.et the mission. Assuming that the total man-
power of ~he services is currently effectively used, the
manpowe - costs would include the total costs over the career
of tt courier including initial procurement, training,
sa! .ry and retirement costs.

Problems other than the computation of costs complicate
this facility location problem. Specifically, how does one
assign the demand points to the distribution sites? After
all of the demand points are assigned, they must be served

periodically. What routes will be used to serve those
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customers? One way of assigning responsibility is proximity
to the demand point. Roads are not always straight lines
between two points, so the determination of distances can be
difficult. Also, other transportation networks interact
with the ARFCOS network. LOGAIR, the Air Force Logistics
Command (AFLC) air service used for moving parts and other
materials among Air Logistics Centers, QUICKTRANS, the Navy
equivalent to LOGAIR, and commercial aircraft routes are
available; their routes may allow one distribution point to
be the most economical server of a station outside of normal
distance parameters. For example, because of the LOGAIR
routes, Wright-Patterson AFB ARFCOSTA serves Loring AFB,
Maine, even though the ARFCOSTAS at Boston, McGuire AFB, and
Dover AFB are all closer,

Another problem considered is determining the most
likely vehicle size needed for any given route. Each of the
wonsolidated pickup and delivery points has a variable
amount of material to process each time it is served. The
¢enand of some polnts are much more variable than others;
some of the points account for most of the pieces or weight
51 the route, Knowledge of the maximum expected weight of
tne youte is important in order to use the least cost vehi-
~le 1or a route. This becomes especially important in
.easing small aircraft, where the difference of 508 pounds
1ift capability can cause the costs to triple (12). It is

1lso 1mportant 1n determining whether it is less expensive

™ -
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to fly or drive a route, because the extra costs of the
aircraft may be made up in the lack of per diem payments and

the extra availability of the people.

Potential Solution Approaches

"Management Science is a broad discipline which in-
cludes all rational approaches to managerial decision making
that are based upon an application of scientific method-
ology" (2:2). Included are the disciplines of operations
research, decision sciences, and systems analysis. For the
purposes of this study, all are subsumed under the heading
management science,

Management science offers many potential tools for
helping determine where ARFCOSTAS should be located, the
manner in which the customers are serviced, and which
AKFCOSTA 1is responsible for providing that service. Among
tne avalilable techniques are a variety of optimization tech-
niques (linear programming, goal programming, dynamic pro-
gramming), systems simulation, heuristic programming, and
cumbinations of the same. Bach technique is useful, and the
choice of technlque(s) is dependent on the characteristics
' the probliem and the gquestions being addressed (1:122).

No one technique is robust enough to capture the entire
system s0 a combination of techniques must be used.

Optimization Technigques. Linear programming (LP)

toctiniques minimize or maximize a measure of system perfor-

Tance subject to a set of restrictions. They have many

11




a~plications, including optimum selection of the optimum

locations of facilities and allocation of resources (1:165).
In broad terms, LP is an aid to decision making (2:24).

To answer the gquestion "How many courier stations
should we have?" a comprehensive distribution planning model
with optimization capability is needed (8). A. M. Geoffrion
and G. W. Graves used a mixed integer linear program to
solve a problem involving 14 supply points, 45 possible
distribution center sites, and 121 customer zones. They
developed a solution technique based on the decomposition of
the problem into a number of smaller, similar problems, and
found an essentially optimal solution (7:822). Their formu-
lation of the problem is inappropriate for this thesis
because they assume a single time period, and they require a
fixed warehouse capacity.

The ARFCOS problem requires a dynamic approach. That
i3, the flow of the system through time is important, and
“he warehouses, while constrained by capacity limits (capac-
1tated) in reality, are better modeled as unconstrained
{uncipacitated). This uncapacitated formulation allows the
tarvaghput to be measured and the maximum capacity required
=~ ve yenerated by the simulation run. The capacity con-
ztraints can then be used in strategic planning and budget-
1nj to see where construction funds should be spent.

An alternative LP formulation of the problem by Tony J.

Vian v¢ny and Donald Erlenkotter (21:1891-1105) models the

12




dynamic uncapacitated facility Location problem. The sizs
of the ARFCOS network, however, makes their formulation
unwieldy. The primary reason for not selecting optimization
technigues is the lack of information needed to adequately
model the distribution center. The problems of lack of

cost data in operating the stativns at non-military loca-
tions, lack of ways of measuring the opportunity costs
involved in operating on military installations, and the

extreme variability of demand at the various consolidated

puints, make optimization extremely difficult to accomplish.

Heuristic Techniques. Heuristics are aids to discov-

ery, rules of thump employed to simplify problem solving.
Amon4 the heuristic techniques available are "generate and
test” (also known as exhaustive enumeration), a weak method
of pronlem solving, which requires a generation of possible
solutions and a test to ascertain if the possible solution
1s 1nuced a real solution. One can open a combination lock
witn tnis method. It is evident that most problems are too
complex to be solved in this manner, but the technique is so
general as to be useful with other techniques. Two other
methods are hill climbing and heuristic search. in hill
~limbing, the previous "best” solution is compared to the
currently generated solution to determine which to keep.
There Is no quarantee of obtaining an optimum with this, or
any nther heuristic technique. Heuristic search looks upon

a probiam as a "search throuyh an exponcentially expanding
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space 0of possibilities -- as a search which must be con- R
trolled and focused by the application of heuristics"”
(13:386).
Some have argued that heuristic programming is not a .
valld approach to be used by reputable practitioners of
manayement science due to its lack of rigorous proof, that
1s, its not being defined by a specific algorithm., Because
heuristics are becing used as a tool to make the problem
tractabie, and because the nature of the problem is such
tnat exact analytical methods, like linear programming are
unusable, 1t is not unreasonable to use heuristics (16).
Marshall Fisher reviewed several heuristic algecrithms
for different problems to determine their worst-case perfor-
manze. None of the heuristics reviewed had bad average
performance, but one worst-case performance of a traveling-
<.sswan problem was atrocious. He concluded that much work
needs to be done in the theory of worst-case analysis of
heuristics (6).

Jystems Simulation. Systems simulation is "the proc-

w59 of designing a model of a real system and conducting

cxneriments with this model for the purpose either of under-

~tandlng the behavior of the system or of evaluating various

stratejles for the operation of the system" (20:2). A model

15 3 representation of an object, system, or idea in some
‘ro siher than that of the entity itself (18:4)., It is

Lia1lt for the purpose of studying the system (4:9). A
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system is defined as " An isomorphic representation of the
real phenomenon expressed in a different, more organized
fashion" (18:304). It includes both objects and relation-
ships among the objects. A system is an entity or whole and
may be brok>n down into subsystems, each of which may be
considered as a system in its own right. An output of one
system is an input into another system (18:12-13)., More is

sald about systems simulation in the next section,

Chosen Solution Approach

System simulation was chosen as the most appropriate
approach. The model built to represent the ARFCOS distribu-
tion network is a computer simulation model. As such, it
provides a range of outputs reflecting the variability in
the inputs, and the faithful representation of the system.
Shannon suggests the appropriateness of simulation under
circumstances where comprehensive mathematical formulations
of the problem either are nonexistent or mathematical.y
intractable; conducting experiments on the system is
desired, but not permitted; or time compression is required
(29:11)., A simuliation model generates an artificial history
of the system based upon the model assumptions; this history
15 analyzed, and used to predict the manner in which the
real system would behave under analogous circumstances
(4:11). Since one cannot open and operate an arbitrary

number of ARFCOSTAS at alternate locations to determine the
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effect on the operation of the system, a simulation provides
the perfect tool for determining the answers to these "what
if...” guestions.

In keeping with Shannon's ideas concerning the charac-
teristics of a good simulation model, the simulation models
used in this thesis are designed to be:

l. Simple for the intended user to use and under-
stand.

2. Complete on important issues.

3. Easily updated.

4, Easily expanded. (20:26)

An objective of this effort is to produce a model which
can be used, modified, and understood by an inexperienced
projrammer: onh. which meets Schruben's desired characteris-
tic of credibility -- reflected in the willingness of the
users to base decisions on the information from the model
idilei). Models fulfill so many f.nctions, it is almost
impossible to classify them all (20:5). Authorities agree
modeling supports decision making by ailding in problem
identification, and supporting the alternative selection
rrocess (20:5-6; 19:139). This model is built to provide
thie managers of ARFCOS with the means of analyzing
zlternative systems on paper and the means of comparing the
impact of different decision rules on the working of the

system,

16
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Language Selection

Simulation Language for Alternative Modeling (SLAM II)
is the implementing language of the model. SLAM II, how-
ever, has many possible ways of modeling a system. SLAMII
was chosen for a number of reasons, not the least of which
was the availability of a microcomputer version of the
language which would run on ARFCOS equipment. SLAM Il is an
easy to use and learn language, is very self documenting
when written properly, and nas good error diagnosis capa-
bilities; these characteristics facilitate model building,
and model modification. SLAM 11 supports more than one
modeling perspective. Because others may use the ARFCOS
models developed to do further research, a discussion of
alternative modeling orientations available in SLAM II is
presented.

World Views. A world view is "a conceptual framework

for describing the system to be modeled . . .the world view
employed by the modeler provides a conceptual mechanism for
articulating the system description" (17:60). The model of
a system may be either discrete change, or continuous
~hange. In discrete change models the condition of the
system only changes when an event occurs; in a model of a
bank, a customer walking into a bank is an event which
changes the state of the system, 1In continuous change
models, the condition of the system is changing continually

over time; in a model of a river, the position of a boat is
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continually changing. These terms apply to the model, not

the system, for it may be possible to model the same system

with either model. SLAM II provides a highly flexible

framework for modeling. It can model networks; discrete

change systems; combined network, discrete event systems;

continuous change models; and combined network, discrete

event, continuous models,

The models of the courier stations are network models.
The networ’x modeling approach consists of defining the sys-
tem as a set of entities which flow through a series, or
network, of nodes, and activities. An entity can represent
a person, a vehicle, or whatever the modeler wants it to be.
Entities may be assigned attributes, which are character-

istics of the entity. For example, in modeling a bank, one
could use entities to represent customers, and assign attri-
butes to represent waiting time in the line, and amount to

be deposited or withdrawn., This allows the individualiza-
tion of entities. These attributes are attached to the
entity as it flows through the system. The entities compete

{or the system resources, Entities use resources, such as

telliers, vehicles, or couriers, to accomplish their func~
tions. SLAM automatically maintains statistics on resource
use.

The network perspective is easy to implement into SLAM

[1 code, and easy to modify in order to test alternatives.

Mo a _u 2

If it 15 possible to model a system as a network, then this
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is the preferred approach. The models which can not be
accurately represented by the available network elements
must use cone of the alternate modeling approaches such as
those discussed in the following paragraphs.

In discrete event modeling, the system is modeled by
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